The bovine enamel and dentin samples ground flat with a series of emery papers were pretreated with fluoride either before or after etching, and several of the dentin samples were lined with glass ionomer cement. Adhesive resin cement, Panavia or Super-Bond, was applied on the enamel and dentin samples, and then amalgam was placed on these samples.
INTRODUCTION
In recent years adhesive composite resins are being used even for occlusal restorations of posterior teeth, but it is unlikely that the composite resins will totally replace silver amalgam within the foreseeable future1). Amalgam has been used successfully for over a century and is more durable material than the composite resins when it is used to fill occlusal cavities of posterior teeth. However, since amalgam is not adhesive to tooth structures, microleakage normally occurs around the freshly placed restoration2,3). strength between amalgam and the enamel was 82kg/cm2, and the bond strength was increased by the pretreatment with Ag(NH3)2F prior to acid etching (90kg/cm2). However, when Panavia was applied to the enamel treated with SnF2 or Ag(NH3)2F without etching, the bond strength showed a marked decrease (36% decrease in SnF2, 66% decrease in Ag(NH3)2F).
For the measurement of bond strength, the specimen was mounted in an Instron Universal Testing Machine. All specimens were sheared at the tooth-amalgam interface, parallel to the enamel or dentin surface. A crosshead speed of 0.5mm/min was used. The shear force at which amalgam was dislodged was measured with a strip chart recorder and calculated in kg/cm2. strength between amalgam and the enamel was 82kg/cm2, and the bond strength was increased by the pretreatment with Ag(NH3)2F prior to acid etching (90kg/cm2). However, when Panavia was applied to the enamel treated with SnF2 or Ag(NH3)2F without etching, the bond strength showed a marked decrease (36% decrease in SnF2, 66% decrease in Ag(NH3)2F).
RESULTS
When Super-Bond was applied to the enamel treated with the 10% citric acid-3% ferric chloride (10-3) solution, the average bond strength was 96kg/cm2, and the bond strength to the enamel was increased by the pretreatment with Ag(NH3)2F (102kg/cm2). However , it was decreased when the enamel was pretreated with SnF2 or NaF (46% decrease in SnF2 , 30% decrease in NaF). Figure 3 shows the average shear bond strength between amalgam and dentin . When
Panavia was applied to the dentin treated with the etching agent or fluoride, the average bond strength was 13-17kg/cm2. However, when dentin was lined with glass ionomer cement, the bond strength between amalgam and the dentin was 41-46kg/cm2, the highest bond strength (46kg/cm2) being obtained by the use of Ag(NH3)2F treatment after the glass ionomer cement lining.
When Super-Bond was applied to the dentin etched with the 10-3 solution, the average bond strength was 56kg/cm2, and it was increased slightly by the fluoride treatment before etching with the 10-3 solution (61-65kg/cm2).
However, the bond strength was decreased greatly when SnF2 treatment was given between 10-3 etching and Super-Bond application (23 kg/cm2). The bond strength between amalgam and the enamel was increased rather when the enamel was treated with SnF2 or Ag(NH3)2F before the application of Panavia, but it was decreased markedly when Panavia was applied without acid etching. When Super-Bond was used as an adhesive, the bond strength between amalgam and enamel was increased only by the pretreatment of Ag(NH3)2F and was decreased markedly by the other fluoride treatments. These results suggest that fluoride treatment is not always a contra-indication for enamel-resin cement bonding, and that the treatment should be done before the etching procedure.
Moreover the proper combination of fluoride and resin cement should be used. The increased bond strength by fluoride treatment may be due, in part, to the inhibition of over-decalcification by the etching agent. When Panavia was used as an adhesive between amalgam and dentin, the bond strength was considerably lower than that of Super-Bond. The reason for this would be that as the dentin surface has many openings of tubules which usually contain air in non vital teeth, the aerobic condition at the dentin-Panavia interface may interfere with sufficient curing of Panavia which is an anaerobic curing resin. When Super-Bond was used as an adhesive, the bond strength between amalgam and dentin increased by the pretreatment of SnF2 followed by etching with the 10-3 solution.
Application of etching agents and resin materials directly to the dentin of vital teeth is not commonly recommended.
For the protection of pulp tissues a lining is made with base materials such as calcium hydroxide or glass ionomer cement. Yokogawa et al.20) examined the bond strength between three types of base cements and two resin cements. The combination of glass ionomer cement and Panavia showed higher bond strength than the combinations of the other base cements and Panavia. We demonstrated that when Panavia was used between amalgam and the dentin lined with glass ionomer cement, the bond strength increased markedly in comparison with the direct application of Panavia to dentin. When Panavia was used as an adhesive, the highest bond strength between amalgam and dentin was obtained with the combination of Lining Cement+Ag(NH3)2F+Etching+Panavia.
Although many procedures and techniques to reduce microleakage of amalgam restorations have been reported21-24), there was no technique for complete sealing. Fukuda24) showed that when an anaerobic curing sealant was applied on the margin of amalgam restorations, the sealant penetrated well into the microspace between the amalgam and the cavity walls, and reduced the dye penetration at the margin of amalgam.
Moreover he revealed that the artificial caries around the amalgam restorations followed by the application of the sealant was inhibited effectively.
Judging from his results, the adhesion techniques for amalgam presented in our study may probably reduce the microleakage in the same way and inhibit secondary caries around the amalgam restorations.
Since Super-Bond begins to cure itself quickly after it is applied to the cavity walls, it may be difficult to use in a clinical situation.
In contrast, Panavia never hardens before amalgam filling, because it is an anaerobic curing resin. Panavia, therefore, would be more favorable than Super-Bond, if we intend to apply these techniques practically.
CONCLUSIONS
The shear bond strength between amalgam and the tooth hard tissues was examined after the application of fluoride, glass ionomer cement and adhesive resin cement in various combinations.
1) Amalgam was adhered to the tooth hard tissues using resin cement as an adhesive.
2) The bond strength tended to increase with the fluoride treatment prior to etching.
3) The highest bond strength between amalgam and enamel was 90kg/cm2 for Panavia, and 102kg/cm2 for Super-Bond. 4) The bond strength between amalgam and the dentin treated with fluoride or etching agent was 13-17kg/cm2 for Panavia, and 23-65kg/cm2 for Super-Bond. 5) The bond strength between amalgam and the dentin lined with glass ionomer cement was 41-46kg/cm2 when Panavia was used as an adhesive. 6) These results suggest that these adhesion techniques for amalgam restorations are very useful in the clinic. 
